for covariates, only percentage of non-Hispanic Whites remained a significant factor for e-cigarette advertising. POS e-cigarette advertising among tobacco stores is related with neighborhood socioeconomic and demographic characteristics. Future studies are needed to understand how these characteristics are related with e-cigarette purchasing and e-cigarette prevalence among social groups.
Introduction
Electronic cigarettes ('e-cigarettes') are electronic devices that use electronic heating to generate smoke-liked aerosol for users to inhale. The aerosol generally contains nicotine and other added chemicals to simulate the flavor of tobacco smoke. Marketing expenditure of e-cigarette products has increased rapidly in recently years in the United States [18, 20] . For example, media-based e-cigarette advertising expenditure increased from minimum in 2010 to $12 million in 2011, and skyrocketed to $124 million in 2014 [20] . Although the U.S. Food and Drug Administration extended its tobacco regulations to e-cigarettes in 2016, there is no sign that the marketing momentum of e-cigarettes is going to be significantly influenced. Corresponding to the extensive marketing is the sharply increasing prevalence of e-cigarette use among various US population groups, including vulnerable groups such as adolescents [5, 6, 19, 29, 37, 41] . For example, for middle-school and high-school students, the rates of ever e-cigarette use and past-30-day e-cigarette use have more than tripled from 2011 to 2015 [33] .
Although e-cigarettes are becoming increasingly popular, there is lack of thorough understanding on their safety Abstract The marketing expenditure and sale of e-cigarettes increased sharply in the United States in recent years. However, little is known about neighborhood characteristics of point-of-sale (POS) e-cigarette advertising among tobacco stores. The purpose of this study was to examine socio-demographic characteristics of POS e-cigarette advertising among tobacco stores in the Omaha metropolitan area of Nebraska, USA. Between April and June 2014, trained fieldworkers completed marketing audits of all stores that sell tobacco (n = 463) in the Omaha metropolitan area and collected comprehensive e-cigarette advertising data of these stores. Based on the auditing information, we categorized tobacco stores based on e-cigarette advertising status. Logistic regression was used to examine the association between neighborhood socio-demographic factors and e-cigarette advertising among tobacco stores. 251 (54.2%) of the 463 tobacco stores had e-cigarette advertisements. We found that neighborhoods of stores with POS e-cigarette advertising had higher per capita income (p < 0.05), higher percentage of non-hispanic whites (p < 0.005), and higher percentage of individuals with high school education (p < 0.005) than neighborhoods of stores without POS e-cigarette advertising. There were negative associations between e-cigarette advertising and number of adolescents or number of middle/high school students. After adjusting as well as benefits and harms to population health [14, 21] . Claimed benefits of e-cigarettes include their less harmful vapor than smoke from cigarette combustions, and their potential in helping current smokers quit and in avoiding exposure to secondhand cigarette smoke [4, 14, 38] . However, previous studies were inconclusive on the effectiveness of e-cigarettes in smoking cessation [1, 32] . At the same time, there are growing concerns on e-cigarettes' potential harms to public health. For example, using e-cigarettes may exert negative effects in adolescent brain development and they could lure nicotine addicts to use conventional tobacco products [2, 6, 9] . E-cigarettes may also be used as a starting product by youths, young adults, and those who never smoked [27, 28, 37, 37] , which may increase the risk of nicotine addiction or tobacco smoking in the future [8, 15, 16] . In the absence of evidencebased knowledge of benefits and harms of e-cigarettes, the exploding advertising may promote beliefs and behaviors that are detrimental to public health. Information on population exposure to e-cigarette marketing is therefore of great importance for understanding this potential public health problem.
This study examined socio-demographic characteristics of point-of-sale (POS) e-cigarette advertising among tobacco retail stores. Specifically, we wanted to understand if tobacco retail stores with POS e-cigarette advertising differ from those without POS e-cigarette advertising in terms of neighborhood socioeconomic and demographic factors, hoping to identify the trend of e-cigarette marketing among tobacco retail stores. We focused on retail stores because, although internet dominates the sale of e-cigarettes [10] in recent years, retail sources are taking an increasing share of the market [17] . It is projected that retail sources will account for 50% of e-cigarette sales in the near future [30] . In addition, retail stores have been the major factor for e-cigarette marketing exposure among US youth [24] . Therefore, understanding the characteristics of e-cigarette marketing among tobacco stores has important implications for e-cigarette prevalence studies and policy making works.
Methodology and Data

Tobacco Store Data
Our study site is the Omaha metropolitan area of Nebraska (shown in Fig. 1 ) which includes Douglas and Sarpy counties, the two most populous counties of the state. We first obtained from the county/city licensing authorities a list of all stores (n = 426) with tobacco licenses in 2013. The original table includes detailed information for each listed store, including store type, name, store address, phone number, and headquarter address (for chain stores).
Following Rose et al. [31] , we classified the store types into seven categories, including gas and convenience store, supermarket and other grocery, tobacco store, liquor store, pharmacy and drug store, bar and pub, and others. We did not include stand-alone vape/e-cigarette stores in the study because these stores are not required to have a tobacco license in Nebraska and therefore are not included in the licensing database. In order to adjust for changes of tobacco license and tobacco availability of stores, we used Google Earth and Yellow Page to find all stores in the study area that fell in the store categories mentioned above but were not listed in the original table. This round of inspection allowed us to find an additional 58 stores in the study area. The phone number of each store was also collected from similar sources (e.g., Google, Yellow Page, and chain store websites). Then, a project coordinator called each store to verify if it currently sells tobacco or not. Stores in the original list were also called to verify current tobacco availability. This screening procedure confirmed a total of 463 stores that currently sell tobaccos, including 410 (96% of the original list) stores on the license list and 53 (91% of the original list) stores obtained from Google Earth/Yellow Page.
E-cigarette Advertising Data
Between April and June 2014, two fieldworkers visited each of the 463 stores and collected comprehensive e-cigarette advertising data for each store. Before the data collection, the fieldworkers were trained using the website 'StoreALERT' developed by the Campaign for TobaccoFree Kids and the Battelle Memorial Institute [3] . Training procedures include learning training guides as well as practicing on a comprehensive virtual tour of a store with extensive tobacco advertising. During the training, fieldworkers learned how to use the 'StoreALERT Report Card' to record all aspects of e-cigarette advertising, including ads, promotions, placement and industry shelving. They were also instructed to record these e-cigarette specific advertising items from both the exterior and the interior of each store, enabling measurement of binary exterior and interior e-cigarette advertising variables for subsequent analyses. Questions listed in the 'StoreALERT Report Card' have been widely used in POS tobacco store auditing [22] .
After entering a store, a fieldworker first introduced themselves to the clerk or manager and explained the purpose of the study. Then, information of all dimensions of e-cigarette marketing were recorded using the 'Store-ALERT Report Card' which allowed us to calculate two indicators to reflect different dimensions of e-cigarette advertising: total exterior advertising and total advertising. Specifically, total exterior advertising was defined as the sum of all binary exterior advertising measures; and total advertising was calculated as the sum of total exterior advertising and total interior advertising.
Statistical Analysis
The major purpose of this study was to analyze neighborhood characteristics of e-cigarette advertising among tobacco stores. We wanted to examine if neighborhood socio-economic status (SES) and demographic factors differ between tobacco stores with e-cigarette advertising and those without e-cigarette advertising and, based on that information, to understand socio-demographic patterns of POS e-cigarette marketing among tobacco stores. Specifically, total advertising was used to examine if integrated e-cigarette advertising was related with neighborhood characteristics; and total exterior advertising was used to examine if exterior advertisements was placed to attract more passerby, especially vulnerable population groups. For each of the outcome variables, univariate logistic Fig. 1 Geographical distribution of e-cigarette marketing among tobacco-selling stores in the Omaha metropolitan area in 2014 (Note: a store was determined as having e-cigarette advertising if there is any evidence of total or exterior e-cigarette advertisement for that store) regression was first implemented to assess its relationship with individual neighborhood indicators. Then, a multivariate logistic regression was implemented to investigate the joint effect of factors that exhibited significant associations with e-cigarette advertising in the univariate analyses. For these regression analyses, the dependent variable was a binary indicator indicating the existence of total or exterior e-cigarette advertising of a store. For each store, the neighborhood is defined as a 2.5 km-buffer area around the store. We used census tracts as the basic unit to comprise the neighborhood. Specifically, a census tract is considered within a store's neighborhood if its population-weighted centroid [40] falls within the 2.5 km-buffer area of that store. 2.5 km was used because this distance allows most of the stores to have at least one census tract within the buffer area. Then, socio-demographic indicators of all included census tracts are aggregated to represent neighborhood characteristics.
Socio-demographic indicators involved in the analyses include population size, racial/ethnic compositions [i.e., numbers and percentages of non-Hispanic Whites (NHW), non-Hispanic Blacks (NHB), and Hispanics], per capita income, percentage of individuals with at least high school education, age group (i.e., numbers and percentages of adolescents and young adults), number of middle-and-high schools, and number of middle-and-high school students. We used both numbers and percentages for some indicators because we wanted to understand if absolute numbers or relative percentages were related with e-cigarette advertising. Socioeconomic indicators were derived from the American Community Survey 2009-2013 five-year average dataset [36] . Demographic indicators were derived from the 2010 Census data [35] . We obtained the location and student number of each middle/high school from the school directory database of Nebraska [25] . Based on these indicators, we hoped to identify factors that are significantly associated with e-cigarette advertising. The entire project was reviewed and approved by the Institutional Review Board of the University of Nebraska Medical Center.
Results
The in-store auditing found that more than a half (i.e., 251 out of 463, 54.2%) of the stores had e-cigarette advertising (shown in Fig. 1 ). Table 1 shows the store-type composition of e-cigarette advertising. Convenience stores (with or without a gas station) ranked first in both number (n = 128) and percentage (77.1%) for e-cigarette advertising. Only 51.6% of tobacco stores had e-cigarette advertising. 73% of pharmacies or drug stores that sold tobaccos had e-cigarette advertising. Table 2 shows neighborhood characteristics of stores with e-cigarette advertising and those without e-cigarette advertising. Generally, neighborhoods of stores with e-cigarette advertising have higher SES (i.e., per capital income and percent of high school graduates; p < 0.05 for both indicators), higher percentage of NHWs and lower percentage of racial/ethnic minorities (p < 0.05 for all three indicators). Other indicators (e.g., number and percentage of adolescents/young-adults, number of high schools, number of high school students) also vary slightly between the two categories of stores but t-test did not reveal any significant differences. Table 3 shows the result of univariate and multivariate logistic regressions for total advertising. As can be seen from the table, the regression results are generally consistent with the trends revealed in Table 2 , as higher SES and proportion of NHWs corresponding to higher level of e-cigarette advertising. For example, e-cigarette advertising was related with higher per capita income (p < 0.05), higher percentage of high school graduates (p < 0.005), higher percentage of NHWs (p < 0.005), and lower number and percentage of Hispanics and NHBs (p < 0.05). We also found a weak, negative association between e-cigarette advertising and the number of adolescents (coefficient:−0.31, p < 0.05), indicating that this age group is less exposed to POS e-cigarette advertisements than other age groups.
For the multivariate regression result in Table 3 , independent variables include per capita income, percentage of high school graduates, number of adolescents, and percentage of NHW. Percentages and numbers of Hispanics and NHB were excluded to avoid multi-collinearity. As shown in Table 3 , after incorporating all individual factors in the regression, only percentage of NHW remained significantly related with e-cigarette advertising (p < 0.05).
Regressions based on exterior e-cigarette advertising found that only number of high school graduates (p < 0.05) and percent of NHWs (p < 0.01) are significantly related with exterior marketing (results not shown here but available upon request). After incorporating both factors into the regression, the significance disappeared for both of them.
Discussion
This study analyzed the socio-demographic characteristics of e-cigarette marketing among tobacco-selling stores in the Omaha metropolitan area of Nebraska. To the best of our knowledge, this is among the first studies to investigate POS e-cigarette advertising in the United States and also the first study to audit a comprehensive list of tobacco stores for a large area. This comprehensive data revealed significant associations between e-cigarette advertising and race/ethnicity and SES. We also found that percentage of non-Hispanic Whites might be the most important factor for POS e-cigarette advertising in Omaha. Our store auditing revealed that more than a half of tobacco stores had e-cigarette advertising. This percentage is higher than those reported by any studies. For example, a national study found that 31-34% of tobacco retail outlets sold e-cigarettes in 2012 [31] . Ganz et al. [12] found that 45% of tobacco stores in Central Harlem of New York City sold e-cigarettes. Although the three studies have different covering areas (e.g., national versus Central Harlem versus the Omaha metropolitan area), the increasing e-cigarette availability might be a reflection of the rapid growth of e-cigarette marketing among retail stores in the United States, which in turn highlights the importance of monitoring population exposure to POS e-cigarette advertising of tobacco stores.
Our findings regarding racial/ethnic and socioeconomic patterns of e-cigarette advertising echo previous findings on e-cigarette availability and perception [17, 19, 27, 29, 31] . For example, Khan et al. [17] found that POS e-cigarette is more prominent in neighborhoods with predominant white residents. NHWs and individuals with higher education attainment are more likely to know about e-cigarettes [19] and to consider e-cigarettes as less harmful than regular cigarettes [27] . Our studies, although focused on e-cigarette advertising instead of availability, found a similar focus on NHWs and high SES groups. These findings reveal a consistent marketing strategy of e-cigarettes in the United States.
Encouragingly, we did not find any sign of POS e-cigarette advertising (either total or exterior) towards adolescents or young adults. However, this does not necessarily mean this age group is free of excessive exposure to e-cigarette marketing. Recent studies showed that e-cigarette use among students in grades 6-12 has increased by 10 times during 2011-2015 [23, 33] . Compared to store advertisements, media based exposure (e.g., television, Internet) to e-cigarette advertisements may had more influence on this vulnerable group [7] . For example, youth and young adult exposure to television advertisements increased 256% and 321% respectively from 2011 to 2013 [7] . Both mediabased advertisements and retail store marketing have been related with e-cigarette use among youth in the United States [24, 34] . All these evidences point to the necessity of continuous monitoring of youths' exposure to e-cigarette marketing from both retail stores and the media.
With the absence of relevant data, few studies have explored the mechanism of how exposure to e-cigarette marketing influences e-cigarette use. Findings from studies on traditional tobacco may help ascertain this relationship. For example, exposure to POS marketing of tobacco is related with susceptibility to smoking [11] , positive attitudes towards smoking [26] , desire to use the advertised product [39] , and lower probability of smoking cessation [13] . These mechanisms may also apply to e-cigarettes. Since e-cigarettes are claimed to be less harmful than traditional tobacco products and effective in helping quit smoking, the levels of susceptibility, positive attitude, and desire to use advertised e-cigarettes might be even higher, which may lead to increased prevalence of e-cigarettes, especially among vulnerable population groups. Given this trend and the unproven benefits and potential harms of e-cigarettes, regulations on e-cigarette marketing are needed.
Conclusion
This study found significant associations between tobacco store e-cigarette advertising and neighborhood SES and racial/ethnic factors. Unlike the advertising of traditional cigarettes, POS e-cigarette advertising was not targeted at racial/ethnic minorities or low SES neighborhoods. However, given the rapid increase of e-cigarette advertising among retail stores, it is necessary to monitor POS e-cigarettes advertising, its sale, and its use among different social groups.
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